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Abstract of thesis entitled: 
Previous findings have suggested a distinction between representations of spatial 
information and featural information. However, where the concept "shape" stands in 
this featural/ spatial distinction remains elusive. The present study explored the 
nature of shape in the visual short-term memory, using an interference paradigm. 
Experiment 1 showed that the cost of concurrently memorizing a color and a dot 
pattern was much less than that of concurrently memorizing two colors or two dot 
patterns, thus confirming the dissociation between object (i.e., featural) and spatial 
short-term memory. Experiments 2 and 3 showed that the cost of concurrently 
memorizing an ellipse, as an example of a "shape", and a color (or a dot pattern) was 
approximately as large as that of concurrently memorizing two colors (or two dot 
patterns), suggesting that representations of "shapes" heavily demand both featural 
and spatial short-term memory. This finding contradicts the common believing that 
shapes are mainly featural representation, leading us to reconsider studies using 
shapes as featural stimuli. Nevertheless, further studies are needed to expose how a 
simple shape as an ellipse can be divided into featural and spatial components, which 
should be more complex than the propose by the structural description theory. 
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Chapter 1 Introduction 
In the last decades, one of the most fundamental findings in the field of human 
vision and cognition has been the distinction between the "what" and "where" 
pathways (Milner & Goodale，1995; Sagi & Julesz，1985; Ungerleider & Mishkin, 
1982). It was found that the ventral stream is mainly responsible for the perception 
of object identity and features (e.g., color, size, orientation, and shape), whereas the 
dorsal stream is mainly responsible for the perception of spatial information (e.g.， 
locations and movements of objects, a spatial structure or configuration). Although 
the distinction between spatial and featural sub-systems in the human brain is fairly 
well-established, the exact border between spatial and featural stimuli remains 
elusive. Specifically, the concept “shape” is, to the best of our knowledge, very 
ambiguous in terms of its position in this spatial/featural distinction. 
The Nature of Shape: Spatial or Featural? 
In Figure la, the stimulus illustrated in the leftmost panel (i.e., a dot pattern) is 
a typical spatial representation, whereas the stimulus illustrated in the rightmost 
panel (i.e.，the color of the disk) is a typical featural representation. The stimuli in 
the other panels are more ambiguous. The stimulus in the panel second from the left 
(i.e.，a set of connected dots) is mainly "spatial," but given that the dots are 
connected into one pattern, its representation probably has some "featural" 
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component. The stimulus in the panel second from the right (i.e., the orientation and 
size of a bar) is mainly "featural" (e.g., orientation), but one can certainly regard the 
bar as being a long and narrow shape, so it probably has some "spatial" component. 
The middle panel (i.e., the ellipse) is the most ambiguous. On the one hand, it is 
clearly a spatial region; on the other hand, it is also a geometrical item that could be 
described by a few features (e.g., elongation, size, etc.). Therefore, our purpose was 
to study the nature of shape using the ellipse as an example. We specifically used a 
visual short-term memory task, as visual short-term memory is commonly divided 





More spatial More featured 
< � 
Hl l i p p i i l p i g p F l p P i E l P ] p f l f l ^ w^m：纏丨Bp觀__謎 
isHii ilifci wmm _ _ 




气 > \ _ > 
Experiment 2 Experiment 3 
Figure 1. Stimuli along the spatial/featural distinction, a. The basic question in this study. The 
dot pattern in the leftmost panel is a typical spatial representation, whereas the color of the disk in the 
rightmost panel is a typical featural representation. The position of shape (e.g., the ellipse in the 
middle) in this spatial/featural distinction is elusive, b. Stimuli used in the three experiments. In 
Experiment 1 (Colors vs. Dot Patterns), we attempted to confirm the low interference between 
memory for typical featural information (i.e., color) and memory for typical spatial information (i.e., a 
dot pattern). In Experiments 2 and 3，we attempted to measure the level of dissociation between (1) 
memory for an ellipse and memory for a dot pattern (Experiment 2) and (2) memory for an ellipse and 
memory for a color (Experiment 3). 
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Object Short-Term Memory vs. Spatial Short-Term Memory 
Visual short-term memory is the system that allows observers to temporarily 
store visual information that has disappeared from their view. It is distinct from 
sensory memory in that it lasts longer, is more resistant to visual interruptions, and is 
limited in its capacity (Pashler, 1988; Phillips, 1974). 
As mentioned earlier, visual short-term memory has commonly been divided 
into two distinctive sub-systems: object (featural) short-term memory and spatial 
short-term memory (Logic, 1995). It is usually suggested that object short-term 
memory specifically stores featural information, whereas spatial short-term memory 
.specifically stores spatial information. 
The main behavior evidence for the distinction between featural and spatial 
. short-term memory comes from the finding of selective interference', in a dual-task 
paradigm, it was found that memory for object identity and memory for object 
location were selectively disrupted by featural and spatial interference tasks (Darling, 
Delia Sala, & Logic, 2009; Delia Sala, Gray, Baddeley, Allamano, & Wilson，1999; 
Hecker & Mapperson，1997; Klauer & Zhao, 2004). For example, Klauer and Zhao 
(2004) found that memory for ideographs was disrupted more strongly by color 
discrimination than by movement discrimination, while memory for an dot pattern 
was disrupted more strongly by movement discrimination than by color 
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discrimination. These results are believed to be evidence for the dissociation between 
object and spatial short-term memory. Physiological evidence has also been reported 
to support this distinction between featural and spatial short-term memory (Sala, 
Rama, & Courtney, 2003; Wilson, Scalaidhe, & Goldmanrakic, 1993; Xu & Chun, 
2006). 
The Present Study 
In the present experiments, we studied the extent of the overlap between (the 
underlying mechanisms of) two tasks by measuring the cost of performing two 
concurrent tasks. A greater degradation when performing two tasks, compared to 
when the tasks are performed separately, is taken as evidence that they share more of 
their underlying mechanisms. The logic of this interference paradigm is as follows: 
If two tasks each consume different types of "mental resource," there will be no cost 
of doing them together; on the other hand, if two tasks consume the same type of 
"mental resource," there will be a significant cost if they have to be performed at the 
same time. 
For one application of this interference paradigm, Cocchini, Logic, Delia Sala, 
MacPherson, and Baddeley (2002) reported that the concurrent maintenance of digits 
and visual patterns produced little mutual interference, thus indicating independent 
verbal and visual memory systems. On the other hand, in other studies, it was found 
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that the concurrent storage of two visual arrays (i.e.，colors) led to significantly 
impaired performance (Fougnie & Marois，2006, 2009). 
We included three conditions in the present experiments. The interference 
between two tasks was measured by comparing the single condition (i.e., 
memorizing one stimulus) and the different condition (i.e., memorizing two different 
types of stimuli). If there was strong interference between two tasks, then the 
performance (i.e.，accuracy) should be much better in the single condition than in the 
different condition. On the other hand，if there was no interference, then the 
performance should be equal in the two conditions. 
In addition, we included a jcrwe condition task (i.e.，memorizing two stimuli of 
the same type) to give a baseline on the expected cost when two tasks consume 
exactly the same resource. This allowed us to see how thoroughly two tasks 
interfered with each other. If there was thorough interference between two tasks, then 
the performance should be equal in the different and same conditions; on the other 
hand，if there was no interference, then the performance should be much better in the 
different condition than in the same condition. 
To summarize, we made comparisons between three conditions {single, different, 
same) of memorizing two different types of stimuli. The predictions regarding 
performance in these three conditions are as follows (See Figure 2a): 
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Thorough interference between the two types of stimuli: AccuracvfSinsle) > 
Accuracy (different) = Accuracv(same) 
Zero interference between the two types of stimuli: Accuracy(Single)= 
Accuracy (different) > Accuracy (same) 
This rationale was applied to different pairs of stimuli (Experiment 1: colors vs. 
dot patterns; Experiment 2: ellipses vs. dot patterns; Experiment 3: ellipses vs. colors) 
in order to reveal the position of shape in terms of the featural/spatial distinction 
(Figure lb). 
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Figure 2. Results of the three experiments, a. Predictions of performance for (1) thorough 
. i n t e r fe rence and (2) zero interference between the two types of memorized stimuli, b. Combined 
results of Experiments 1-3. There was low interference between the dot pattern and color tasks 
(Experiment 1)，but thorough interference between both the ellipse and dot pattern tasks (Experiment 





Chapter 2 General Method 
Participants 
In each experiment, 25 college students participated for payment. The age range 
of the participants was 18 to 22 years, and all of the participants had normal or 
corrected-to-normal visual acuity. 
Stimuli 
There were three types of stimuli: dot patterns, colors，and ellipses. 
Dot Patterns. Four black dots (diameter 0 .2� ) were presented on each edge of a 
1.9° X 1.9° imaginary square at the center of either the left or right placeholder panel 
(see below). Each dot was displayed randomly on a range between -0.38° and 0.38° 
from the midpoint of the edge. In change trials, the position of one dot in the test 
array changed from its original position by 0.48°. 
Colors. The colors of 120 rings were constructed with equal intervals (3 degrees) 
from a color wheel. In the change trials, the color changed by 24 degrees (on the 
color wheel). The outer and inner diameters of the rings were 1.9° and 0.9°, 
respectively. 
Ellipses. Ellipses were constructed by fixing the area as 3.61(°)^ and varying the 
minor axis from 1.33° to 1.9°. In the change trials, either (1) the minor axis was 
elongated by 10% and the major axis was shortened by 10% or (2) the minor axis 
.. 9 
was shortened by 10% and the major axis was elongated by 10%. 
Procedure 
The stimuli were presented on a 17 inch computer screen with a gray 
background and viewed from a distance of approximately 60cm. Two light gray 
placeholder panels (3.8° x 3.8°) were respectively displayed on the left and right 
sides of a center fixation cross on the screen, and the stimuli were presented inside 
the two panels. 
Three types of trials (i.e., same, different, & single) were randomly intermixed 
in each block. The participants were instructed to memorize the stimuli. They were 
. l a t e r tested on either the stimulus from one panel (i.e., single condition), stimuli of 
the same type from two panels (i.e., same condition), or stimuli of different types 
from two panels (i.e., different condition). The choice of stimuli for each experiment 
(i.e., 2 out of the 3 categories mentioned above) will be described further in the 
details of the individual experiments. Both the choices of tasks in same and single 
trials and the order of presentation in different trials were randomly determined for 
each trial. 
Figure 3 illustrates the presentation sequence of a sample different condition 
trial from Experiment 1. A fixation cross was presented in the center of the screen 





the first and second memory displays were presented in the left and right panels 
respectively. Each display was presented for 1000ms, with a 1500ms blank display 
interval between them. The first memory probe was presented on the left panel 
1500ms after the second memory display had disappeared, and it remained on the 
screen until a response was made. The second memory display was presented in the 
right panel after a response had been made for the first memory display, and it 
remained on the screen until a response was made. For both tasks, the participants 
were asked to compare the memory display and the corresponding probe and to 
indicate whether they were identical or not by pressing keys: left-hand keys ("d" & 
"f，）for memory display 1 and right-hand keys ("j" & "k") for memory display 2. 
The next trial began after a 1000ms interval. 
The same condition was identical to the different condition except in one 
respect: in the different condition, the two memory displays consisted of different 
types of stimuli, whereas in the same condition, the two memory displays consisted 
of the same types of stimuli. The single condition differed from the other two 
conditions in that either the left or the right memory display and probe was replaced 
by a blank screen for 1000ms，leaving only one memory task to perform. 
After 16 practice trials, which were excluded from the data analysis, each 
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Figure 3. The sequence of presentations. This illustrates a sample different condition trial from 
Experiment 1. The first and second memory displays were presented on the left and right panels 
respectively. Both displays were presented for 1000ms, with a 1500ms blank display interval between 
them. The first memory probe was presented on the left panel 1500ms after the second memory 
display disappeared and remained there until a response was made. The second memory display was 
presented on the right panel after a response has been made to the first memory display and remained 
there until a response was made. 
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Chapter 3 Experiment 1: Colors vs. Dot Patterns 
In Experiment 1，we attempted to confirm the low interference between 
memory for typical featural information (i.e., color) and memory for typical spatial 
information (i.e.，a dot pattern); in other words, we attempted to confirm that object 
working memory and spatial working memory can indeed be largely dissociated 
from each other in the present paradigm. This established the basis for studying the 
nature of memory for shape. For this purpose, Experiment 1 used color and dot 
patterns as its two types of stimuli (Figure lb). 
Results and Discussion 
The mean accuracies of the color task and the dot pattern task in the three 
conditions are shown in Figure 2c. The pattern of results was quite similar in both 
tasks, and the results of the two tasks were averaged together in further analysis 
(Figure 2b). An ANOVA showed that the effect of condition was significant，F (2，48) 
=33.045,;? < 0.001. Further Mests revealed that (1) accuracy was significantly 
higher in the different condition than in the same condition, t (24) = 5.724, p <0.001 
and (2) accuracy was significantly higher in the single condition than in the different 
condition, t (24) =-3.159,;? < 0.01. 
The results indicate that when compared with memorizing only one dot pattern 
or only one color {single condition), there is some cost in memorizing a dot pattern 
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and a color together {different condition). In other words, memory for color and 
memory for dot patterns are not completely dissociated. This is not surprising given 
that such tasks involve many complex stages, and it is generally agreed that even 
dissociable storage systems demand some shared "central resource" in stages such as 
encoding, rehearsal, and retrieval (e.g., Baddeley, 1987). 
Most importantly for our purpose, when compared with memorizing two dot 
patterns or two colors {same condition), the results indicate that there is a large 
advantage in memorizing a dot pattern and a color together {different condition), 
which clearly suggests that memory for color and memory for dot patterns are 
largely dissociated. This provided a basis for us to study the position of shape in the 
featural/spatial distinction. 
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Chapter 4 Experiments 2 and 3: Ellipses vs. Dot Patterns/Colors 
Following the results of Experiment 1，we attempted to measure the level of 
dissociation between (1) memory for an ellipse and memory for a dot pattern 
(Experiment 2) and (2) memory for an ellipse and memory for a color (Experiment 
3). The method in Experiments 2 and 3 was identical to that in Experiment 1 except 
that the color task was replaced by the ellipse task in Experiment 2 and the dot 
pattern task was replaced by the ellipse task in Experiment 3. 
Results and Discussion 
The mean accuracies of the ellipse and dot pattern tasks (Experiment 2) and the 
ellipse and color tasks (Experiment 3) in the three conditions are shown in Figures 
2cl and 2e, respectively. As can be seen, in both Experiments 2 and 3，there were 
some trade-offs against the ellipse tasks. Although this bias may be worth further 
exploration, it was irrelevant to the purpose of this study. Therefore，the accuracies 
of the two tasks were averaged together to measure the level of dissociation (Figure 
2b). 
The pattern of the results of both experiments basically showed thorough 
interference (see Figure 2a). In both experiments, accuracy in the different condition 
was not significantly higher than accuracy in the 似we condition (Experiment 2; t (24) 
=0.752，n.s.; Experiment 3: t (24) = -2.005, n.s.)，but was significantly worse than 
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accuracy in the single condition (Experiment 2: t (24) = -7.341,/? < 0.001; 
Experiment 3: t (24) = -7.852, /?<0.001). In addition, an across-experiments ANOVA 
showed that the pattern of results (i.e., how accuracy varied with condition) was 
significantly different between (1) Experiment 1 and Experiment 2 (尸(2’ 47) = 9.774， 
pO.OOl) and (2) Experiment 1 and Experiment 3 {F{2, 96) = 12.285，pO.OOl). 
The results suggest that memorizing ellipses interferes thoroughly with 
memorizing either dot patterns or colors. In other words, it seems that 
representations of shapes very strongly demand both featural and spatial short-term 
memory. 
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Chapter 5 General Discussion 
Experiment 1 showed that object and spatial short-term memory are largely 
dissociated. Experiments 2 and 3 showed that memorizing ellipses interferes 
thoroughly with memorizing either a dot pattern or a color. The present study has 
important implications for understanding complex visual-spatial representations. 
Generally, the fate of the term "shape" in the featural/spatial distinction has been 
elusive. The present work explored this and showed that the representations of 
"shapes" heavily demand both the featural and spatial mechanisms. 
Below, we discuss the present work's implications for some relevant research 
issues. 
Treatment of "Shape" in Previous Studies 
Many previous studies have treated object shape purely as a feature like other 
features such as color or orientation and have considered it to be entirely separate 
from the mechanism that represents the locations of all objects. Our finding 
contradicts this common belief and therefore sheds potential new light on some 
existing paradoxes in the field. For example, two recent studies (Harrison, Jolicoeur, 
& Marois, 2010; Xu & Chun, 2006) have examined how the activation of the brain 
area IPS varies with short-term memory content. Xu and Chun (2006) manipulated 
the number of to-be-memorized shapes and found that the activation of IPS was 
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affected by the complexity of objects. However, Harrison, Jolicoeur, and Marois 
(2010) found that only the number of object-locations (i.e., spatial memory load), 
and not the number of colored disks (i.e., featural memory load), affected the 
activation of IPS. This paradox can potentially be explained by the present finding 
IPS is used to encode the spatial information in the objects: in Xu and Chun's (2006) 
study, the spatial information resided in both object locations and object shapes, so 
that IPS activation was affected by the complexity of objects, whereas in Harrison, 
Jolicoeur, and Marois' (2010) study, the spatial information resided only in object 
locations but not in object colors, so that IPS activation was not affected by featural 
memory load. 
Structural Description in Object Recognition 
The present finding is also potentially related to the topic of object 
representation and recognition. It shows that shape uses both featural and spatial 
mechanisms, but does not specify exactly how shapes are broken down into these 
components. The influential recognition-by-components (RBC) theory proposes that 
objects are represented in terms of parts (i.e., Geons) and the spatial relations 
between them (e.g., Bar, 2001; Biederman, 1987; Hummel & Biederman，1992). In 
this sense, it seems plausible that in a shape, the parts are featural and the relations 
between the parts are spatial. The stimuli used to develop RBC theory usually have a 
.. 1 9 
fairly clear whole-part relationship, but this whole-part relationship is not 
immediately obvious in the case of ellipses. This indicates that the basic unit of 
shapes (i.e., Geons) is perhaps even more primitive than is generally believed; even 
rather simple geometrical shapes such as ellipses and squares may need to be divided 
further. This issue should be explored in future studies. 
20 
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